Objectives: First, to evaluate the frequency with which individuals with neurological conditions require test administration accommodations for the NIH Toolbox-Cognition Battery (NIHTB-CB). Second, to evaluate the appropriateness of accommodations provided by administrators, including adherence to NIHTB-CB Reasonable Accommodations Guidelines. Method: Adults with traumatic brain injury, spinal cord injury, or stroke (n ϭ 604) completed the NIHTB-CB and other assessments as part of a multisite study. We provide a descriptive, secondary analysis of test administrator notes to determine use and appropriateness of accommodations. Results: Of the 604 participants, 450 (75%) completed the NIHTB-CB using standard administration procedures, but 137 (22.6%) encountered accessibility challenges that required accommodations. Participants with motor function impairments were most likely to receive at least 1 of 3 kinds of accommodations: (a) use of nonstandard methods of entering responses using standard input devices, (b) use of alternate input devices, or (c) help from the test administrator to enter a response. Fatigue and/or impulsivity led to nonstandard administration by 48 (7.9%) individuals. Post hoc audit of test administrator notes revealed that despite careful instructions and supervision, 49 (56.3%) of the accommodated administrations breached standardization and scores could not be interpreted using test norms. Conclusion: Although the NIHTB-CB was developed for individuals without neurological impairment, most individuals with neurological conditions completed the standardized administration without accommodations. When accommodations were needed, administrators did not adhere to the official Reasonable Accommodations Guidelines in more than half of the cases. Binder-Macleod). We thank these talented and dedicated research staff members: Ana Miskovic, Arielle Goldsmith, Sara Jerousek, Sue Tucker, Jessica Dashner, Cathy Crawley, Ben Aziz, Julie Grech, Livia Vanden Belt, and Angela Miciura. We thank Noelle Carlozzi for her expert review of the coded data and Kimberley The for her editorial support.
Impact and Implications

Introduction
Principles of fairness in testing dictate that all test takers have the opportunity to demonstrate their standing on the core constructs that a test is designed to measure (American Educational Research Association [AERA] , American Psychological Association [APA] , & National Council on Measurement in Education [NCME], 2014). Yet, design features and administration protocols can disadvantage test takers with disabilities. Neuropsychological tests typically target cognitive processes and may presume intact, or at least adequate, functioning of the test takers' visual, auditory, somatosensory, and motor systems or some combination of these systems. Nearly every cognitive test has motor, vision, and hearing demands that can influence the test score but are not part of the underlying domain being measured (Cicerone et al., 2005 (Cicerone et al., , 2011 Kettler, 2012) . The mode of stimulus presentation and response entry can create barriers for people with motor and sensory impairments (Hill-Briggs, Dial, Morere, & Joyce, 2007) . For example, a cognitive test that requires a motor response may create additional demands for people with physical disabilities (Nester, 1994) , and a test that involves auditory-verbal instructions or responses may disadvantage people who are deaf or hard of hearing (Braden, 1994) . When there is a mismatch between secondary task demands and people's sensorimotor abilities, construct-irrelevant variance may be introduced and artificially lower scores (Messick, 1995 (Messick, , 1998 . The Standards for Educational and Psychological Testing identify accessibility of standardized tests as central to issues of fairness in testing and a fundamental validity issue (AERA et al., 2014) . Hill-Briggs et al. (2007) provided an analysis of how physical and sensory impairments can adversely affect performance on neuropsychological assessments.
Ultimately, it is the responsibility of the assessment professional to select tests that are minimally influenced by examinees' functional limitations. Unfortunately, there are few stand-alone instruments, much less comprehensive batteries that are designed for use with individuals with disabilities.
Adaptations to the original test or the administration process can help increase access for some individuals. Adaptations are typically classified as accommodations or modifications. Accommodations are defined by the Civil Rights Division of the U.S. Department of Justice as "changes to the regular testing environment and auxiliary aids and services that allow individuals with disabilities to demonstrate their true aptitude or achievement level on standardized exams or other high-stakes tests" (U.S. Department of Justice, 2014, What Are Testing Accommodations section, para. 1). The Standards for Educational and Psychological Testing (AERA et al., 2014) clarifies that accommodations involve changes in test administration but do not change the underlying construct measured by the instrument, thereby retaining the comparability of scores. In contrast, test modifications may alter the construct being measured (AERA et al., 2014; Braden, 2003; Kettler, 2012) . The aim of testing accommodations is to shrink the performance gap between people with and without functional impairments. The increase in scores between standard and accommodated versions is called differential boost and, if accommodations are targeted appropriately, should be greater for people who need the accommodation than for those who do not (Fuchs, Fuchs, & Capizzi, 2005; Fuchs et al., 2000) . The Americans with Disabilities Act (ADA) ensures that people with disabilities have a right to reasonable accommodations on high-stakes tests as long as the accommodations do not result in a fundamental alteration of the test or pose an undue burden on test administrators (U.S. Department of Justice, 2014). However, deviations from the procedure used to create the normative sample could change a test's psychometric properties (Warschausky et al., 2012) and limit interpretations that reference those normative data.
Cognitive test accommodation and modification remains understudied (Lai & Berkeley, 2012; Sherman & Robinson, 1982) . Policies and practices that govern testing accommodations are inconsistent and offer limited guidance to test administrators (Lai & Berkeley, 2012; Mislevy et al., 2013) . Furthermore, decisions about accommodations often need to be made "in the moment" based on the unique needs of an individual, and test administrators may have limited training and understanding of disability (APA, 2012) .
The NIH Toolbox for the Assessment of Neurological and Behavioral Function (NIHTB) is a comprehensive set of standardized, performance-based measures of cognitive, motor, and sensory function and emotional health (Gershon et al., 2010) . It capitalizes on item-response theory and computerized adaptive testing and does not require extensive administrator training. Because of its sophistication and support from the National Institutes of Health, it sets a standard for clinical and epidemiological research (Quatrano & Cruz, 2011) . The current investigation focuses on the NIHTB-Cognition Battery (NIHTB-CB), which is composed of seven computer-administered measures of cognition and is the product of rigorous development, validation, and This document is copyrighted by the American Psychological Association or one of its allied publishers.
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national standardization (Weintraub et al., 2014) . Table 1 provides a description of each measure in the NIH ToolboxCognition Battery, including core constructs and administration protocols. Through the NIHTB's development, the NIHTB team integrated principles of accessibility and universal design to enhance its accessibility to the general population ages 3-85 years. The NIHTB development team included an Accessibility Work Group that reviewed all measures for accessibility and usability by people with physical, cognitive, and sensory impairments and provided recommendations to enhance accessibility (Magasi, Harniss, & Heinemann, 2017; Rios, Magasi, Novak, & Harniss, 2016; Victorson et al., 2013) . Figure 1 summarizes 
Method
Design and Setting
Cross-sectional data were collected as part of a study aimed at validating the NIHTB in people with SCI, TBI, or stroke . Assessment occurred at two academic medical centers and a free-standing rehabilitation hospital in the midwestern United States (St. Louis and Chicago, Illinois, and Ann Arbor, Michigan). Collaborating sites obtained ethics approval.
Participants
The sample included 604 people with SCI, TBI, or stroke who were recruited through community-and clinic-based networks. Eligibility criteria included community residence; medically confirmed diagnosis of traumatic SCI, stroke, or TBI; at least 1 year following their most recent injury; 18 -85 years of age; ability to read at a fifth-grade reading level; and ability to speak English. Participants provided informed consent and completed the Lighthouse Near Visual Acuity Test, Second Edition (LNVAT; Ferris, Kassoff, Bresnick, & Bailey, 1982) to ensure visual acuity of at 
Data Collection
Testing occurred over 2 days, lasting an average of 4.9 hours on day and 4.7 on day 2. on day 1. The NIHTB-CB was administered in a fixed order under guidance of a test administrator on the first day. Test administrators were rigorously trained and certified to administer the NIHTB-CB per standardized procedures and received supplemental training on the importance and application of the Reasonable Accommodations Guidelines. Test administrators were recertified after 1 year to minimize drift in the administration protocol. The project coordinator met biweekly with the administrators to ensure consistent procedures across sites.
Administrators were instructed to record for each participant whether the person performed a complete and standardized administration of the NIHTB-CB and, if not, to record the details of the nonstandard administration. Although administrator records were not intended to be used for research purposes, we had sufficient confidence in the data set, based on in-depth review of the quality and consistency of these records, to perform qualitative reviews of administrator records for this investigation. All data were collected between December 2011 and November 2013.
Analysis
Two coders with expertise in disability accommodations and cognitive testing (authors Susan Magasi and Mark Harniss) independently coded all administrator records using a stepwise process and a common coding dictionary. Coders met regularly to compare their categorizations and reconcile discrepancies to promote a consistent coding structure (Saldaña, 2013) . First, the coders sorted administrations based on whether they were standard (i.e., adhered to NIHTB-CB administration protocols) or nonstandard. Nonstandard administrations were then categorized by the reason for nonstandard administration: accessibility issues or technicallogistical issues. Accessibility issues were categorized as (a) received accommodations; (b) unable to complete, as defined by NIHTB inclusion-exclusion criteria for a measure (e.g., unable to complete the picture vocabulary measure due to deafness or low vision); and (c) secondary impairment effects that may have influenced test performance (e.g., fatigue, distractibility, and impulsivity), a category not identified in the Reasonable Accommodation Guidelines.
Coders categorized technical-logistical issues as computer issues (e.g., technical issues that prevented the computer-based measures from performing as expected) or study logistical issues (e.g., participant came late for the appointment or left early).
Finally, the coders reviewed all descriptions of nonstandard administrations and compared them with the Reasonable Accommodations Guidelines to identify deviations. They classified nonstandard administrations as (a) accommodation does not alter core task demand (keep score), (b) accommodation alters core task demands (drop score), (c) unclear impact on core task demands (interpret score with caution), or (d) appropriate omission. A third rater (Noelle Carlozzi, a neuropsychologist with expert knowledge of the NIHTB-CB development, administration, and scoring) in- This document is copyrighted by the American Psychological Association or one of its allied publishers.
dependently verified classifications and agreed with the consensus categorizations in all cases.
Results Table 2 provides the demographic and clinical characteristics of the sample. According to the administrator records, 450 participants (75%) received a standardized administration of the entire NIHTB-CB and 154 participants (25%) received a nonstandard administration on at least one NIHTB-CB measure (see Figure 2) . Accessibility issues accounted for 137 (89%) of nonstandard administrations, and technical-logistical reasons accounted for the remainder (17; 11%). Technical-logistical issues included computer issues (10; 59%), logistical issues (four; 23%), and other reasons (three; 18%).
Of the 137 individuals who experienced accessibility issues, 87 (64%) required accommodations, 48 (35%) displayed secondary impairment effects that may have influenced performance but were not addressed by the Reasonable Accommodations Guidelines, and two (Ͻ1%) were unable to complete the tasks and discontinued the battery. Accommodated administrations were provided most commonly to people with motor impairments, including hemiplegia and hemiparisis secondary to stroke, motor paralysis secondary to SCI, and apraxia secondary to TBI. Modified administration protocols could be classified into three categories: (a) nonstandard ways of entering responses using standard input devices (e.g., depressing arrow keys with the nondominant hand or using alternate motor patterns, such as a knuckle, side of the hand, or middle finger in lieu of isolated movement of the index finger on the dominant hand); (b) use of alternate input devices, such as a touchscreen or track ball; and (c) participant's directing the test administrator to enter responses. Administrators provided verbal cuing when participants needed reminders of aspects of the administration protocol but were otherwise able to perform the task independently.
Secondary impairment issues fell into two categories. The first category included sensory impairments, such as decreased vision or hearing, which limited the test taker's ability to perceive test stimuli or response options. In these instances, administrators appropriately omitted tests from the administration battery. The second category included secondary impairment effects, such as impulsivity and fatigue, which limited the test taker's ability to attend to the testing process. This category of nonstandard administrations is not described in the Reasonable Accommodations Guidelines but emerged as a significant factor that influenced participants' ability to comply with the standardized administration protocols.
The unable to complete category refers to omission of the entire cognition battery, rather than omission of individual measures. Exclusions were the result of participants' decisions to terminate testing because of frustration or failure.
After classifying nonstandard administrations, the coders reviewed the administrator records for the 87 accommodated administrations and compared their practices with the Reasonable Accommodations Guidelines. The coders paid particular attention to the core and secondary task demands of each NIHTB-CB test, as well as the components of each test's scoring algorithm. For example, a response entry by the test administrator acting under the direction of a participant may be acceptable for the NIHTB-CB Picture-Sequence Memory test, in which effortful motor control required for "dragging and dropping" small pictures around the screen is irrelevant to the core construct of the test (episodic memory) and does not influence the scoring algorithm (i.e., scoring is not based on speed). In contrast, it would be a significant breach of standardization for the test administrator to enter a participant's responses on a timed test, such as the NIHTB-Pattern Comparison Test. Of the 87 nonstandard administrations that were classified as receiving accommodations, expert review indicated that 49 (56.3%, or 8.1% of the total sample) breached standardization, thereby invalidating test scores. Additionally, 21 of the 137 nonstandard administrations (15.3%) were identified for potential impacts on interpretation because the accommodation may have compromised normative interpretation of the scores. Without empirical evaluation, it is not possible to determine the consequence of the accommodations. We recommended that these scores be interpreted with caution. The most common reasons for this designation was when fatigue or impulsivity compromised performance. Table 3 shows the frequency of appropriate and inappropriate accommodations. Note. SCI ϭ spinal cord injury; TBI ϭ traumatic brain injury. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Discussion
This study evaluated the frequency and appropriateness of test accommodations provided to people with SCI, TBI and stroke within the context of a validation study of the NIHTB-CB . It contributes to the understanding of how test administrators make accommodations for people with a range of physical, cognitive, and sensory impairments on cognitive tests. With appropriate training, certification, guidance, and supervision, test administrators provided standardized administrations to most (75%) of the sample. Individuals who required accommodations most often needed alternate modes of response entry. Fatigue and impulsivity emerged as issues that require accommodation.
We also examined the fidelity of examiners in tailoring accommodations to the Reasonable Accommodations Guidelines. Inappropriate accommodations that precluded comparison with the normative sample occurred in 56.3% of the accommodated administrations. Although we considered the possibility that nonadherence reflects inadequate training or supervision of examiners, we dedicated far more attention to this issue than is typical. Instead, we believe that nonadherence reflects the limited experience that most test administrators have in ensuring that all participants had an unobstructed opportunity to demonstrate their standing on the construct being measured. Adherence to the APA's Guidelines for Assessment of and Intervention With Persons With Disabilities (APA, 2012) requires content knowledge, experience, and judgment to inform decisions, which some research assistants and test administrators lack. Most test instructions do not include procedures for reasonable accommodations. Although the NIHTB-CB does have Reasonable Accommodations Guidelines c Based on review of administrator notes, these administrations do not alter core concepts, but accommodations may limit interpretability of derived scores, which usually had to do with use of motor patterns other than isolated movement of the dominant index finger or impact of secondary conditions such as fatigue and impulsivity. This document is copyrighted by the American Psychological Association or one of its allied publishers.
they are not integrated into the computer administration platform. As a consequence, administrators make "in the moment" decisions without access to the guide. Results highlight the need for careful and ongoing scrutiny of test accommodations and empirical evaluation of the consequences that accommodations have on cognitive test scores. Evaluation of reasonable accommodations on test scores has been challenging due to the heterogeneity of the disability population, which creates challenges in accommodating disabilities (Lai & Berkeley, 2012) . Although research on accommodation effectiveness has grown steadily since the passage of the ADA, it remains relatively sparse and has been conducted primarily within the context of educational and high-stakes testing (Kettler, 2012; Kettler, Elliott, & Beddow, 2009) . Additional research into how accommodations can minimize barriers and reduce construct irrelevant variance is needed (Haladyna & Downing, 2004; Lai & Berkeley, 2012) .
Findings also underscore that secondary conditions, such as fatigue and impulsivity, may reduce the ability of some individuals to comply with standardized administration protocols. We identified 21 participants whose test performance may have been influenced by secondary conditions; however, this may be a low estimate. Because this category of nonstandard administrations was not articulated in the NIHTB Reasonable Accommodations Guidelines not all test administrators commented on these issues or provided detailed documentation that could be scored by the raters. It is possible that secondary impairments occurred at a greater rate than is reported here. Although there is a body of literature demonstrating that fatigue is not related to performance on cognitive and neuropsychological assessments (Ashman et al., 2008; Zhu & Tulsky, 2000) , our findings suggest that fatigue makes it harder for people to comply with standardized administration protocols. Fatigued individuals may require verbal cuing to stay on task. Their behavior, and the administrator's response to their behavior, may compromise the validity of test score interpretation. Test administrators should record verbal and nonverbal signs of distraction, fatigue, and frustration.
Our findings support the American Psychological Association's (2012) Guidelines for the Assessment of and Intervention With Persons With Disabilities and The Standards for Educational and Psychological Testing (AERA et al., 2014) , which seek to optimize fairness in testing while maintaining validity. Although some accommodations may breach standardization, "for many kinds of tests, an accommodated measure would yield more valid results than the same measure without such accommodations" (APA, 2012, p. 53) . When tests and administration protocols are modified, new normative information must be collected.
It may be possible in some cases to substitute comparable measures that do not introduce access barriers for test takers and construct irrelevant variance to test scores (Haladyna & Downing, 2004; Hollenbeck, 2005) . For example, Carlozzi and colleagues (2017) developed motor-free versions of the NIHTB-CB for people with upper extremity impairments. Although the hands-free version is not a perfect match with the original, Carlozzi and colleagues provide a reliable and valid approach to measuring global and fluid cognition for people who would not otherwise be able to participate.
Limitations
Post hoc analysis of examiner notes revealed accommodation procedures that deviated from the Reasonable Accommodations Guidelines, but we were unable to evaluate the effects that these deviations had on test scores and the validity of accommodated administrations. Although the analyses are only descriptive, they illustrate the consequences of barriers in the NIHTB-CB administration procedures and the application of reasonable accommodations on the completeness and validity of the data. Although we instructed examiners to document test procedures consistently, they did not use a standardized reporting format, which resulted in richer behavioral descriptions from some examiners than from others. Future projects should systematize the documentation of test administration deviations.
Future studies should also evaluate the effects of accommodations on test scores and the psychometric properties of tests. Well-controlled test-accommodation studies that compare standard and accommodated administration of parallel tests of people with and without disabilities would enable equivalence testing and direct measurement of differential boost between people with and without disabilities (Hansen, Mislevy, Steinberg, Lee, & Forer, 2005; Hollenbeck, 2005; Kettler, 2012; Kettler et al., 2009) . These studies could improve the understanding of how accessibility and accommodations affect summary scores of test scores (Heaton et al., 2014) .
Clinical Implications
The use of appropriate and well-documented accommodations ensures that principles of fairness in testing are integrated into the test administration process while minimizing breaches in standardization. Planning for access helps ensure a better experience for test administrators and test takers with disabilities while maintaining data quality. In the next sections, we recommend the steps to enhance access and accommodations when testing people with disabilities.
Targeted Recommendations for Future Development of the NIHTB-CB
• Consistent integration of the Reasonable Accommodation Guidelines within the NIHTB administration platform would promote ease of access, including enhanced organization and "searchability" to facilitate ease of use within the testing session.
• Alternative administration instructions and procedures for certain tests would allow more individuals to be tested.
• Continuous review of the Reasonable Accommodations
Guidelines can help ensure that new challenges are identified and addressed promptly and appropriately.
Targeted Recommendation for Users of the NIHTB-CB 
General Recommendations for the Development and Use of Computer-Based Assessments With People With Disabilities
• Test developers should develop universally designed assessments to ensure access to the broadest range of people possible (AERA et al., 2014; Meyers & Andresen, 2000) . • Test developers should define and document the core construct the test is designed to measure (AERA et al., 2014 ).
• Test developers should define acceptable accommodations in advance of testing, including the identification of appropriate alternative measures when available.
• Given that 20% of Americans have a disability (Brucker & Houtenville, 2015) , all test administrators are likely to encounter people with disabilities (Rios et al., 2016 ), yet few test administrators receive training in how to work effectively with this population (APA, 2012) . Test administrators should receive training in how to work with people with a range of functional, physical, cognitive, and sensory impairments.
• Test administrators should recognize the importance of standardization and application of appropriate accommodations in order to make informed decisions in testing sessions.
• Test administrators should understand the core constructs that tests are designed to measure, as well as the secondary test demands inherent in the administration process.
• Post hoc review is required to determine whether test accommodations breached standardization and compromised the validity of scores. Team leaders with an understanding of the core constructs and the consequences of accommodations should assume responsibility for a review process.
• Despite accommodations' uncertain consequences on test scores, "flagging" test scores derived from accommodated administrations is prohibited as a discriminatory practice under the ADA (U.S. Department of Justice, 2014). Validity reflects the context of test use. Different contexts may demand varying levels of methodological rigor and adherence to standardized administration protocols. For example, highstakes testing requires a level of rigor and standardization than may be needed in other contexts. Clinicians and researchers should balance the need for flexibility with adherence to test standardization.
Conclusion
Neuropsychological assessment involves balancing accommodations of participants' abilities and adherence to standardized procedures. Accommodations can improve accessibility, but are most effective and the least confounding when they are constrained by guidelines for a test. The NIHTB-CB Reasonable Accommodations Guidelines provide a good model. Here we reported on departures from those guidelines despite rigorous training and supervision practices, and our findings can inform future revisions of the guide. Given that many research studies are implemented without predefined testing accommodations and with less extensive training and monitoring, our findings suggest that researchers should pay attention to the decision-making of test administrators and the undocumented accommodations they may be using.
